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Because of their environmental and toxicological relevance,1,2,3,4,5,6,7,8,9 the acidity constants (pKa values) 
of the perfluoroalkyl carboxylic acids (PFCAs; Fig. 1) have been the subject of much recent interest 
and debate in the literature.10,11,12,13,14,15,16 Given the wide variability in pH values within both biological 
and environmental systems, the accurate knowledge of PFCA pKa values is required for reliable 
toxicological and environmental fate and partitioning studies, as well as for designing and optimizing 
treatment methods for these ubiquitous contaminants.16 Perfluoroalkyl and carboxyl groups are also 
widely employed in medicinal chemistry for the creation of new pharmaceuticals. Thus, accurate 
prediction of carboxylate acidities coupled to perfluoroalkyl moieties is an important goal in the area of 
drug design.
 
In previous work, we have shown that the widely used semiempirical PM6 method,17,18 SPARC,19,20 and 
COSMOtherm 21 computational tools all underestimate the pKa values of longer straight chain PFCAs 
by up to several pKa units when compared to the limited experimental database.16 As well, both the 
PM6 method and SPARC approaches predict that branching along the perfluoroalkyl chain will 
influence the acidity of the carboxylate head group. This effect is particularly evident in the PM6 
method, which suggested that the branched isomers will be less acidic than their more linear 
counterparts by up to several pKa units.16 By comparison, the SPARC method suggests intrahomologue 
differences of up to one pKa unit, but with no discernible structural patterns due to branching on the 
perfluoroalkyl chain (Table 1).
In contrast to the other computational methods used in the literature to date, we report here that the AB/
pKa method from the ADME/Tox WEB 22 package in the ALOGPS 2.1 program 23,24,25,26 using the 
SMILES chemical structure input format 27,28 accurately predicts the pKa values of the C1 (i.e., 
trifluoroacetic acid; TFA) through C10 straight chain PFCAs, including the well known straight chain C7 
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PFCA 39 (perfluorooctanoic acid; PFOA) (Table 2), within the range of quoted experimental and 
computational errors. As well, only a modest difference is observed between the experimental pKa for 
the straight chain C11 PFCA (pKa,exp=3.1) and the upper limit of the AB/pKa range (pKa,est=2.9). Unlike 
the PM6 and SPARC methods, however, the AB/pKa method does not estimate any branching 
influences on the acidity constants. To resolve whether branching of the perfluoroalkyl chain does 
appreciably influence the pKa of the carboxylate head group, authentic standards of representative 
highly branched PFCA congeners - which are currently unavailable due to synthetic challenges - will 
need to be experimentally tested. At present, however, it appears that the AB/pKa method is the most 
reliable general approach for estimating acidity constants of straight chain perfluoroalkyl carboxylic 
acids.
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Figure 1. General structure of perfluoroalkyl carboxylic acids (PFCAs).
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Table 1. SPARC (v.4.2) estimated pKa values for the C1 through C8 perfluoroalkyl carboxylic acids 
(PFCAs). Isomer numbering system from ref. 9. HG=homologue group in the perfluoroalkyl chain.
HG Substitution Isomer pKa
C1 methyl C1-1 1.14
C2 ethyl C2-1 0.08
C3 n-propyl C3-1 -0.20
isopropyl C3-2 -0.14
C4 1,1'-dimethylethyl C4-1 -0.18
1-methylpropyl C4-2 -0.18
2-methylpropyl C4-3 0.11
n-butyl C4-4 -0.06
C5 1-ethylpropyl C5-1 -0.22
1,1'-dimethylpropyl C5-2 -0.22
1,2-dimethylpropyl C5-3 -0.15
2,2'-dimethylpropyl C5-4 0.24
1-methylbutyl C5-5 -0.32
2-methylbutyl C5-6 -0.04
3-methylbutyl C5-7 -0.11
n-pentyl C5-8 -0.13
C6 1-ethyl-1'-methylpropyl C6-1 -0.26
1-ethyl-2-methylpropyl C6-2 -0.19
1,1',2-trimethylpropyl C6-3 -0.19
1,2,2'-trimethylpropyl C6-4 -0.02
1-ethylbutyl C6-5 -0.36
2-ethylbutyl C6-6 -0.18
1,1'-dimethylbutyl C6-7 -0.36
1,2-dimethylbutyl C6-8 -0.29
1,3-dimethylbutyl C6-9 -0.37
2,2'-dimethylbutyl C6-10 0.10
2,3-dimethylbutyl C6-11 -0.09
3,3'-dimethylbutyl C6-12 0.04
1-methylpentyl C6-13 -0.38
2-methylpentyl C6-14 -0.10
3-methylpentyl C6-15 -0.17
4-methylpentyl C6-16 -0.15
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HG Substitution Isomer pKa
n-hexyl C6-17 -0.15
C7 1,1'-diethylpropyl C7-1 -0.30
1-ethyl-1',2-dimethylpropyl C7-2 -0.23
1-ethyl-2,2'-dimethylpropyl C7-3 -0.06
1-isopropyl-2-methylpropyl C7-4 -0.16
1,1',2,2'-tetramethylpropyl C7-5 -0.07
1-ethyl-1'-methylbutyl C7-6 -0.40
1-ethyl-2-methylbutyl C7-7 -0.33
1-ethyl-3-methylbutyl C7-8 -0.33
2-ethyl-1-methylbutyl C7-9 -0.44
2-ethyl-2'-methylbutyl C7-10 -0.04
2-ethyl-3-methylbutyl C7-11 -0.23
1,1',2-trimethylbutyl C7-12 -0.33
1,1',3-trimethylbutyl C7-13 -0.41
1,2,2'-trimethylbutyl C7-14 -0.17
1,2,3-trimethylbutyl C7-15 -0.34
1,3,3'-trimethylbutyl C7-16 -0.22
2,2',3-trimethylbutyl C7-17 0.05
2,3,3'-trimethylbutyl C7-18 0.07
1-isopropylbutyl C7-19 -0.33
1-propylbutyl C7-20 -0.51
1-ethylpentyl C7-21 -0.51
2-ethylpentyl C7-22 -0.24
3-ethylpentyl C7-23 -0.24
1,1'-dimethylpentyl C7-24 -0.42
1,2-dimethylpentyl C7-25 -0.35
1,3-dimethylpentyl C7-26 -0.43
1,4-dimethylpentyl C7-27 -0.40
2,2'-dimethylpentyl C7-28 0.04
2,3-dimethylpentyl C7-29 -0.15
2,4-dimethylpentyl C7-30 -0.12
3,3'-dimethylpentyl C7-31 -0.02
3,4-dimethylpentyl C7-32 -0.20
4,4'-dimethylpentyl C7-33 -0.05
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HG Substitution Isomer pKa
1-methylhexyl C7-34 -0.41
2-methylhexyl C7-35 -0.12
3-methylhexyl C7-36 -0.20
4-methylhexyl C7-37 -0.17
5-methylhexyl C7-38 -0.17
n-heptyl C7-39 -0.16
C8 1-ethyl-1',2,2'-trimethylpropyl C8-1 -0.11
1-ethyl-1'-isopropylpropyl C8-2 -0.27
1-isopropyl-1',2-dimethylpropyl C8-3 -0.20
1-isopropyl-2,2'-dimethylpropyl C8-4 -0.03
1-tert-butylbutyl C8-5 -0.21
1,1'-diethylbutyl C8-6 -0.44
1,2-diethylbutyl C8-7 -0.48
2,2'-diethylbutyl C8-8 -0.18
1-isopropyl-1'-methylbutyl C8-9 -0.37
1-isopropyl-2-methylbutyl C8-10 -0.31
1-isopropyl-3-methylbutyl C8-11 -0.38
2-isopropyl-3-methylbutyl C8-12 -0.28
1-ethyl-1',2-dimethylbutyl C8-13 -0.37
1-ethyl-1,3-dimethylbutyl C8-14 -0.45
1-ethyl-2,2'-dimethylbutyl C8-15 -0.21
1-ethyl-2,3-dimethylbutyl C8-16 -0.38
1-ethyl-3,3'-dimethylbutyl C8-17 -0.26
2-ethyl-1,1'-dimethylbutyl C8-18 -0.47
2-ethyl-1,2'-dimethylbutyl C8-19 -0.31
2-ethyl-1,3-dimethylbutyl C8-20 -0.49
2-ethyl-2',3-dimethylbutyl C8-21 -0.09
2-ethyl-3,3'-dimethylbutyl C8-22 -0.07
1,1',2,2'-tetramethylbutyl C8-23 -0.21
1,1',2,3-tetramethylbutyl C8-24 -0.38
1,1',3,3'-tetramethylbutyl C8-25 -0.25
1,2,2',3-tetramethylbutyl C8-26 -0.21
1,2,3,3'-tetramethylbutyl C8-27 -0.19
2,2',3,3'-tetramethylbutyl C8-28 0.21
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HG Substitution Isomer pKa
1-methyl-1'-propylbutyl C8-29 -0.54
2-methyl-1'-propylbutyl C8-30 -0.48
3-methyl-1'-propylbutyl C8-31 -0.56
1-ethyl-1'-methylpentyl C8-32 -0.46
1-ethyl-2-methylpentyl C8-33 -0.40
1-ethyl-3-methylpentyl C8-34 -0.47
1-ethyl-4-methylpentyl C8-35 -0.44
2-ethyl-1-methylpentyl C8-36 -0.50
2-ethyl-2'-methylpentyl C8-37 -0.50
2-ethyl-3-methylpentyl C8-38 -0.29
2-ethyl-4-methylpentyl C8-39 -0.26
3-ethyl-1-methylpentyl C8-40 -0.49
3-ethyl-2-methylpentyl C8-41 -0.21
3-ethyl-3'-methylpentyl C8-42 -0.08
3-ethyl-4-methylpentyl C8-43 -0.26
1-isopropylpentyl C8-44 -0.40
2-isopropylpentyl C8-45 -0.29
1,1',2-trimethylpentyl C8-46 -0.39
1,1',3-trimethylpentyl C8-47 -0.47
1,1',4-trimethylpentyl C8-48 -0.44
1,2,2'-trimethylpentyl C8-49 -0.23
1,2,3-trimethylpentyl C8-50 -0.40
1,2,4-trimethylpentyl C8-51 -0.38
1,3,3'-trimethylpentyl C8-52 -0.28
1,3,4-trimethylpentyl C8-53 -0.45
1,4,4'-trimethylpentyl C8-54 -0.31
2,2',3-trimethylpentyl C8-55 -0.01
2,2',4-trimethylpentyl C8-56 0.01
2,3,3'-trimethylpentyl C8-57 -0.17
2,3,4-trimethylpentyl C8-58 -0.03
2,4,4'-trimethylpentyl C8-59 0.02
3,3',4-trimethylpentyl C8-60 -0.04
3,4,4'-trimethylpentyl C8-61 -0.10
1-propylpentyl C8-62 -0.57
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HG Substitution Isomer pKa
2-propylpentyl C8-63 -0.30
1-ethylhexyl C8-64 -0.45
2-ethylhexyl C8-65 -0.27
3-ethylhexyl C8-66 -0.26
4-ethylhexyl C8-67 -0.20
1,1'-dimethylhexyl C8-68 -0.45
1,2-dimethylhexyl C8-69 -0.38
1,3-dimethylhexyl C8-70 -0.46
1,4-dimethylhexyl C8-71 -0.43
1,5-dimethylhexyl C8-72 -0.42
2,2'-dimethylhexyl C8-73 0.01
2,3-dimethylhexyl C8-74 -0.17
2,4-dimethylhexyl C8-75 -0.14
2,5-dimethylhexyl C8-76 -0.14
3,3'-dimethylhexyl C8-77 -0.05
3,4-dimethylhexyl C8-78 -0.22
3,5-dimethylhexyl C8-79 -0.21
4,4'-dimethylhexyl C8-80 -0.08
4,5-dimethylhexyl C8-81 -0.19
5,5'-dimethylhexyl C8-82 -0.13
1-methylheptyl C8-83 -0.42
2-methylheptyl C8-84 -0.14
3-methylheptyl C8-85 -0.21
4-methylheptyl C8-86 -0.19
5-methylheptyl C8-87 -0.18
6-methylheptyl C8-88 -0.17
n-octyl C8-89 -0.17
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Table 2. Experimental and estimated pKa values for the C2 through C12 perfluoroalkyl carboxylic acids (PFCAs). Note that the homologue designation in the compound 
names (i.e., C1, C6, etc.) designate the number of carbons in the perfluoroalkyl chain, and do not include the carbon in the carboxylate head group (e.g., C7 PFCA is 
perfluorooctanoic acid).
Compound Experimental
AB/pKa
(current work)
SPARC v.4.2
(current work) PM6f SPARCg,h SPARCi COSMOthermg,h
linear C1 PFCA (TFA) 0.3 to 0.6a,b,c 0.6±0.5 0.98 -0.2 1.4 0.9
linear C2 PFCA 0.5±0.1b 0.6±0.5 0.08 -0.2
linear C3 PFCA 0.2 to 0.5b,c 0.6±0.5 -0.20 -0.1 0.4 0.7
linear C4 PFCA 0.5±0.1b 0.6±0.5 -0.06 -0.1 -0.1
linear C5 PFCA 0.8±0.1b 0.6±0.5 -0.13 -0.1 -0.2
linear C6 PFCA n/a 2.4±0.5 -0.15 -0.1
linear C7 PFCA (PFOA) 2.8 to 3.8d,e 2.4±0.5 -0.16 -0.1 -0.1 -0.2 0.7
linear C8 PFCA n/a 2.4±0.5 -0.17 -0.1
linear C9 PFCA 2.6±0.1b 2.4±0.5 -0.17 -0.1 -0.2
linear C10 PFCA 2.6b 2.4±0.5 -0.17 -0.1 -0.2
linear C11 PFCA 3.1b 2.4±0.5 -0.17 -0.1 0.2 -0.2 0.8
a ref. 17. b ref. 10. c ref.  29. d ref. 30. e ref. 31. f ref. 16. g ref. 11. h ref. 12. i ref. 32.
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